The diagnosis of drowning is incredibly challenging in modern forensic practice after corpses have begun to putrefy. The objective of this study was to develop a method for drowning diagnosis using impedance spectroscopy. Thirty-two adult white rabbits (1.8-2.2kg) were divided into four groups. All rabbits were anesthetized using a mixture of isoflurane and oxygen. One group was drowned into fresh water, while the second one was drowned in salt water; the third group were sacrificed and immersed in fresh water, whereas the last group were sacrificed and then immersed in salt water. All animals were in water until putrefactive changes began to appear, usually limited to 96 hours at 20℃. The left lung of each rabbit was selected for analysis. Solartron SI1260 impedance analyzer (Solartron) was used in the detection. The maximal value of the real part of impedance (Z / ) in drowning-fresh/salt water group was dramatically lower than in postmortem submersion-group (p<0.01). Compared among the drowning groups, the salt water group showed significantly lower impedance than fresh water group (p<0.01). There were no significant changes in postmortem submersion groups (p>0.05). These data indicate that impedance spectroscopy is a sensitive way to judge the drowning of putrefactive bodies and postmortem submersion both in salt and fresh water.
he diagnosis of drowning generally is not difficult to the forensic pathologist. However, putrefactive changes contribute multiple complexities that make a drowning diagnosis much more challenging. Informed research has shown that some micro-organisms and products caused by putrefaction result in further laboratory investigations to substantiate drowning [1] . Although application of diatom analysis has proved to be a valuable tool in forensic practice, its use as a definitive diagnostic criteria has initiated much criticism and controversy [2] [3] [4] [5] [6] [7] . Several methods have been reported to test the evidence of drowning, including the presence green algae or intramuscular hemorrhages as well as analysis of pulmonary myelomonocyte subtypes, picoplankton 16S rDNA, pulmonary autopsy findings, intrapulmonary aquaporin-5 expression, blood strontium, and iron in fresh water drowning [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . As mentioned above, there is no ideal method that is widely accepted by the medicolegal experts.
This study was designed to develop a new and rapid technique for drowning diagnosis of putrefactive corpse using electric impedance spectroscopy. Electric impedance is a complex quantity combining resistance as well as reactance, and it depends on the frequency of the alternating current. Biological tissues possess complex electric impedances, because they contain components that have both resistive and charge storage properties. By recording the electric impedance of a tissue as its frequency range (electric impedance spectroscopy), the frequency-dependent electrical and dielectrical behaviour can be determined. Since the electrical properties of biological tissue are related to its T physiological and morphological properties, impedance spectroscopy is suitable for the detection of tissue composition. Electrical impedance spectroscopy has been used for disease diagnosis, determination of the state of organs, body water compartments measurements, postmortem changes in dielectric properties of haddock muscle, and prediction of carcass composition [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . In the forensic field, Querido et al. has used it to study the postmortem interval (PMI) [36] [37] [38] [39] [40] . In this study, we focus on impedance spectroscopy to develop a better technique for diagnosing death caused by drowning after the initiation of putrefaction.
Material and methods

Electrode array and impedance measurements
A linear array of four electrodes, transmission lines, and terminals were integrated in an insulated polymethyl methacrylate plastic board of 2mm thickness. The electrode materials consisted of stainless steel syringe needles (18G, 1.2×40 mm) that were clamped in a parallel array (approximately 5mm apart) [37] .The terminals of the electrodes were connected to a computer-controlled impedance measuring system. The impedance measuring system consisted of an impedance analyser SI1260 (Solartron) in combination with a bioimpedance interface SI1294 (Solartron).
Animals preparations
Thirty-two adult white rabbits (1.8-2.2kg) were provided by the Animal Center of Xi'an Jiaotong University. All animal protocols used were approved by the Animal Care and Use Committee of Xi'an Jiaotong University. The white rabbits were divided into four groups: group 1 (n=8): fresh water drowning group; group 2 (n=8): salt water drowning group; group 3 (n=8): postmortem submersion group in fresh water; group 4 (n=8): postmortem submersion group in salt water. All rabbits were anesthetized using a mixture of isoflurane and oxygen. Rabbits in group 1 were drowned into fresh water; group 2 were drowned into salt water; group 3 were sacrificed and immersed in fresh water; and the last group were sacrificed and then immersed in salt water. All rabbits were immersed for 96 hours at 20℃ with the putrefactive changes. The left lungs of experimental animals were selected via the standard autopsy.
Samples preparation and Measurements
Each left lung was set on cork board and the electrodes were vertically inserted into the left lung. The penetration point of the electrode was 5mm from border of the lung. Solartron SI1260 impedance analyzer (Solartron) was used in this study, and the AC output voltage of the system was set at 1.0V for current measurement. The impedance values were measured with single scan using frequency range of 100-1000Hz with 21 frequency points. Electrical impedance was displayed as real Z / (resistive component) and Im Z // (capacitive reactance component ).
Statistical analysis
The maximal value of real part of impedance (Z / ) in single scan using frequency range of 100-1000Hz was used for the analysis. All data were analyzed by SPSS Software version 11.5. Results were presented as mean ± standard deviation. A p-value of less than 0.05 was considered significant [34] .
Results
The impedance values were measured with single scan using frequency range of 100-1000Hz with 21 frequency points. Electrical impedance was displayed as real Z / (resistive component) and Im Z // (capacitive reactance component). The real part of impedance (Z / ) of each sample was analyzed ( Fig. 1-4) . The maximal values of the real part of impedance (Z / ) in electrical impedance were analyzed. Results are given as mean ± SD (Table 1 Table 2 ): The value of the drowning group in fresh water was significantly lower than that of postmortem submersion group in fresh water (p<0.01); drowning group in salt water was lower than postmortem submersion group in salt water (p<0.01); drowning group in salt water was lower than drowning group in fresh water (p<0.01); there was no significant difference between postmortem submersion group in fresh water and postmortem submersion group in salt water (p>0.05). 
T-test (
Discussion
The diagnosis of drowning is one of the most difficult tasks in modern forensic practice, especially in putrefactive corpses; as a result, a plethora of tests have been reported in the field. However, almost all of them cannot be used in routine forensic practice. To date, the postmortem diagnosis of drowning relies mainly on autopsy findings such as foam in the air passages, pulmonary hyperinflation, and pleural effusion as well as the detection of diatoms from multiple organs. Although these morphological findings and the diatom test support the diagnosis of drowning, they are still complicated by post-mortem putrefaction. We report here on the value of impedance spectroscopy, a new and useful method to diagnose drowning in late stage of death.
The electrochemistry of impedance spectroscopy is a well-established method for characterizing the electrical properties of materials and their interfaces exposed to electronically conducting electrodes. It has been demonstrated that impedance spectroscopy can be used as a successful tool in order to determine electrical properties of different heterogeneous systems, such as biological membrane/electrolyte systems, including the conductive and capacitive properties of the bipolar membrane junction. Since the electrical properties of biological tissue are related to its physiological and morphological properties, impedance spectroscopy is suitable for detection of tissue composition [34] . Water enters the blood circulation by diffusion and osmosis has been proven by animal experiments at the end of the 19th century by Brouardel and Vibert [1] .
The quantity of fluid in lung tissue of drowned body is more than that of postmortem submersion body. On the basis of the principal behind electric impedance, changes of lung from a putrefactive body that died of drowning are dramatically lower than postmortem submersed body. In the present study, we found that the maximal value of the real part of impedance (Z / ) is clearly different under different conditions: the fresh water drowning group was significantly lower than the postmortem fresh water submersion group (p<0.01), the salt water drowning group was lower than postmortem salt water submersion group (p<0.01), the salt water drowning group was lower than the fresh water drowning group (p<0.01), while there was no significant difference between postmortem submersion group in fresh water and the postmortem submersion group in salt water (p>0.05). The real part of impedance (Z / ) from drowning group in salt water are lower than drowning group in fresh water, because the electrolyte composition in salt water are notable higher than fresh water. Thus, the study's results are consistent with the principals of electric impedance.
In this process, experimental conditions should be limited to a suitable range: the impedance values were measured with single scan using frequency range of 100-1000Hz with 21 frequency points.
Conclusion
The electric impedance measurements were applied in animal experiment and the results obtained in this study indicate that impedance spectroscopy technique is clearly sensitive to differentiate drowning of a putrefactive body from a putrefactive body submersed postmortem in salt or fresh water. Impedance spectroscopy, therefore, is a new and potentially useful tool for diagnosing drowning the putrefactive deceased.
